The rotor that initially converts the flow energy into rotational energy is a very important component that affects the efficiency of the entire tidal current power system. Rotor performance is determined by various design variables. Power generation is strongly dependent on the incoming flow velocity and the size of the rotor. To extract a large quantity of power, a tidal current farm is necessary with a multi-arrangement of devices in the ocean. However, the interactions between devices also contribute significantly to the total power capacity. Therefore, rotor performance, considering the interaction problems, needs to be investigated to maximize the power generation in a limited available area. The downstream rotor efficiency is affected by the wake produced from the upstream rotor. This paper introduces the performance of a downstream rotor affected by wakes from an upstream rotor, demonstrating the interference affecting various gabs between devices.
Introduction
Tidal current power is now recognized as one of the clean power resources in Korea, where there are many strong current regions on the west and south coasts. Various researchers have studied tidal current power systems. For example in Japan, the Darrious type has been studied by Shiono et al. (1999) . Walsum (1999) has introduced the current power system in Fundy, Canada, while Jo et al. (2008) published experimental results on the applications of tidal current power systems in a cooling water weir.
Due to the limited areas available with a strong current, the arrangement of the devices is very important to maximize the efficiency and economic viability of the power farm. Several papers have introduced the interaction effects of devices in the area. Maitre et al. (2007) have published a paper on the interaction problem. Bahaj et al. (2007) have studied the characteristics of the wake of a single turbine, and Jo et al. (2007) presented the interference rates of the axial, transverse and diagonal arrangements of rotors for various incoming current speeds. However, the actual interference effect can be determined by various factors, including rotor diameter, rotor type, current speed, associated structure and current direction. The numerical approach can generate various conditions for hydrodynamic aspects, showing pressure and velocity distributions, and interference effects for multiarrayed formations. The numerical tool is very useful but should be confirmed and verified with an experiment and field test to ensure confidence in the reliability of the results.
In this study, CFD (computational fluid dynamics) is used to analyze selected cases for axial interferences based on the experiment by Jo et al. (2010) . The mesh is generated by the discontinuous and offset mesh merge methods. The CFD results are compared with the experiment and are further developed for various conditions. Table 1 shows the specification of the rotor. The rotor was fabricated of plastic with a onedirectional airfoil shape. The three blade rotor diameter was 0.5m. To verify the performance of the rotor, various currents were generated and the rpm was measured as charted in Fig. 1 .
CWC Experiment

Rotor specification
Interaction effect
Three identical rotors were placed in a CWC to investigate the interaction effect in the axial direction. The rpm were measured with 1D and 1.5D axial gabs between rotors as shown in Fig. 2 . The rpm deduction rates of downstream rotors were calculated and graphed considering the upstream rotor rpm. As shown in Fig. 3 , the rpm reduction rate between the 2 nd and 3 rd rotors was lower than that between the 1 st and 2 nd rotors. A similar result was observed for the 1.5D gab. It is expected that as the gab increases, the deduction rate will decrease as the flow pattern becomes more normalized.
CFD analysis
CFD condition
Static and dynamic simulations have been conducted for tidal current power devices that are located at specific distances. The static condition in this study means that the rotor is fixed at an incoming current and the dynamic condition refers to the rotating rotors at an incoming flow. Tables 2 to 4 show the analysis domain information together with the initial condition and meshing result. The ANSYS CFX v11 can automatically create meshes for three discrete areas; a general mesh for a circular channel domain, a detail mesh for a rotor area of dynamic rotation action and a very detailed mesh for the rotor tip as shown in Fig. 4 . To prevent the discontinuity and mismatch along the boundaries and rotational rotors, the moving mesh and frozen-rotor interface options are applied. Fig 5 shows the modeled rotor. Boundary conditions and analysis information are shown in Table 3 . 
Interaction effects
Due to the limited dimension of the CWC, the placement of a number of rotors is restricted. In CFD, several rotors were simulated to investigate the interaction effects between rotors with a periodic concept as shown in Fig. 6 .
The analysis procedure is as follows: ① One rotor only is considered in CFD analysis and the incoming flow velocity to the 2 nd rotor is estimated. The flow velocity that can reach the 2 nd rotor RPM is calculated. ② The CFD model is modified considering the flow velocity measured from the experiment so that the incoming flow velocity to the 2 nd rotor in CFD becomes the same as that from the experiment. ③ The 2 nd rotor is added in the modified CFD model and the incoming flow velocity to the 3 rd rotor is calculated. ④ Using Fig. 1 , the flow velocity for the rpm of the 3 rd rotor in Table 3 is estimated ⑤ The CFD model is updated so that the calculated flow velocity is the same as that from the experimental measurement. The reduction rates for multi arrayed rotors are as shown in Fig. 7 . The reduction rate decreases as the rotor is placed further behind, and it merges into the constant as the number of rotors increases.
Conclusions
The interference effects of tidal current power devices for an axial arrangement are investigated by CFD and an experiment for the selected cases.
From the study, it is observed that the fore rotor's interference is considerably more significant than the rear rotors. The study demonstrated that the power generation can be heavily affected by the interference of devices. Therefore, it is very important to optimize the device arrangement to maximize the power efficiency of the power farm.
The CFD method is helpful to understand the various aspects of multi-arrayed devices including interference effects. However, the CFD method should be verified together with the experiment since there are many assumptions and conditions applied in the program. It is found that the repeated shape can be generated efficiently with the offset mesh merge method.
A detail analysis for the specific environmental conditions considering rotor type and arrangement should be conducted to estimate the accurate power production rate considering the interference effects of the region.
